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Background: Underweight (UW) patients undergoing total hip arthroplasty have exhibited higher
complication rates, including infection and transfusion. No study to our knowledge has evaluated UW
total knee arthroplasty (TKA) patients. We, therefore, conducted a study to investigate if these patients
are at increased risk for complications, including infection and transfusion.
Methods: A case-control study was conducted using a prospectively collected institutional database.
Twenty-seven TKA patients were identiﬁed as UW (body mass index [BMI] < 18.5 kg/m2) from 2000-2012
and were matched for age, gender, date of surgery, age-adjusted Charlson comorbidity index, rheumatoid
arthritis, and diabetes. These patients were compared to 81 normal weight patients (BMI 18.5-24 kg/m2).
Demographic variables were compared, along with wound complications, surgical site infection (SSI),
blistering, deep vein thrombosis, pulmonary embolism, transfusion, revision, ﬂexion contracture, hema-
toma formation, and patellar clunk.
Results: The average BMI was 17.1 kg/m2 (range 12.8-18.4) for UW and 23.0 kg/m2 (range 19.0-25.0) for
normal weight patients (P < .001). UW TKA patients were more likely to develop SSIs (3/27, 11.1% vs 0/81,
0.0%, P ¼ .01) and were more likely to require transfusions (odds ratio ¼ 3.4, conﬁdence interval 1.3-9.1;
P ¼ .02).
Conclusions: Our study demonstrates that UW TKA patients have a higher likelihood of developing SSI
and requiring blood transfusions. The speciﬁc reasons are unclear, but we conjecture that it may be
related to decreased wound healing capabilities and low preoperative hemoglobin. Investigation of local
tissue coverage and hematologic status may be beneﬁcial in this patient population to prevent SSI. Based
on the results of this study, a prospective evaluation of these factors should be undertaken.
Copyright © 2016 Published by Elsevier Inc. on behalf of American Association of Hip and Knee Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).Introduction
Body mass index (BMI) abnormalities have been closely associ-
ated with poorer outcomes in surgical patients. Most studies have
focused on obese patients, as they comprise 34.9% of the adult
population in the United States [1]. These patients have increasedclosed potential or pertinent
ent, either direct or indirect,
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016), http://dx.doi.org/10.101readmission rates, a higher incidence of infections, and greater
complication rates compared to normal weight (NW) patients [2-7].
However, much less is known regarding the outcomes of under-
weight (UW) surgical patients, since they only make up 2.3% of the
US population and 0%-3.66% of patients in European nations [8,9].
In the ﬁeld of general surgery, UW patients (BMI < 18.5 kg/m2)
have a higher risk of mortality, morbidity, and poorer outcomes
compared to overweight and obese patients [10-13]. With regard to
total joint arthroplasty, UW total hip arthroplasty (THA) patients
have been identiﬁed as having a higher incidence of infection,
transfusion, dislocation, readmission, and mortality [2-4,14,15].
These patients also have been reported to have lower postoperative
functional health scores [16].
Although speciﬁc studies have been conducted evaluating UW
THA patients, no previous study has been performed evaluatingn of Hip and Knee Surgeons. This is an open access article under the CC BY-NC-ND
ection and transfusion rates are higher in underweight total knee
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Table 1
Patient demographics.
Demographics Underweight, n ¼ 27 Normal weight, n ¼ 81 P-value
Age, mean (y) 69.9 ± 13.6 69.5 ± 13.4 .90
Gender
Male 6 18 1
Female 21 72
Weight, mean (kg) 51.6 ± 7.9 63.4 ± 9.2 <.001
Height, mean (cm) 174.0 ± 15.7 165.6 ± 9.5 .01
BMI, mean (kg/m2) 17.0 ± 7.9 23.0 ± 1.5 <.001
CCI age adjusted, mean 4.2 ± 1.3 4.1 ± 1.4 .59
Rheumatoid arthritis 8 24 1
Diabetes 2 6 1
J. Manrique et al. / Arthroplasty Today xxx (2016) 1e42UW patients undergoing elective, primary, and total knee arthro-
plasty (TKA). Therefore, the purpose of this study was to investigate
whether UW patients undergoing TKA are at increased risk for
complications and poorer outcomes. We hypothesize that UW TKA
patients have a higher rate of complications compared to NW TKA
patients.
Material and methods
After institutional review board approval #08R.207, a retrospec-
tive, single institution, case-control study was conducted including
patients from January 2000 to December 2012. We identiﬁed
patients from our prospective institutional database that underwent
primary TKA (International Classiﬁcation of Diseases Ninth Revision
procedure code: 81.54 and Current Procedural Terminology code:
27447). All patients had available weight and height data at the time
of hospital admission. Patients were classiﬁed into the following
groups: UW (BMI < 18.5 kg/m2), NW (18.5-24.9 kg/m2), overweight
(25.0-29.9 kg/m2), or obese (30.0 kg/m2) [13]. We identiﬁed 27 UW
patients that underwent primary, unilateral TKA, and each patient’s
electronic medical record was reviewed for veriﬁcation of weight
and height data obtained in the electronic query.
These UW patients were matched to a cohort of NW patients
with similar demographic characteristics in a 3:1 ratio (81:27
patients). Matching was based on age (±7 years), gender (male/
female), date of surgery (±5 years), Charlson comorbidity index age
adjusted ([CCI] age adjusted, ±3), the presence of diabetes (yes/no),
and the presence of rheumatoid arthritis (RA, yes/no). CCI was used
as it provides a quantiﬁcation of health and predicts mortality [17].
Demographic and surgical variables, such as gender, CCI, length of
hospital stay (LOS), preoperative and postoperative laboratory
values, transfusions, and complications were recorded. Speciﬁc
complications that were recorded in the chart included wound
drainage, poor wound healing, surgical site infection (SSI), blis-
tering, deep vein thrombosis, pulmonary embolism, dislocation,
fracture, revision, ﬂexion contracture development, and hema-
toma. These diagnoses were determined by the physician and
treated accordingly. These complications are among those evalu-
ated and included by the Complications Workgroup of the Knee
Society [18]. The deﬁnition used for deep incisional SSI was the one
speciﬁed by the Centers for Disease Control criteria [19]. The SSI
criteria was used instead of the Musculoskeletal Infection Society
and International Consensus Meeting deﬁnitions for periprosthetic
joint infection [20] because the Musculoskeletal Infection Society
and International Consensus Meeting criteria were not available
during the entire duration of our study.
This states that the patient must have the infection occurring
within 1 year if implant is in place, and the infection appears to be
related to the operative procedure with involvement of deep soft
tissues. In addition, it must include one of the following 3:
1. Purulent drainage from the deep incision of the surgical site.
2. A deep incision spontaneously dehisces or is deliberately
opened by a surgeon when the patient has at least one of the
following signs or symptoms: fever (>38C), localized pain, or
tenderness, unless culture of the incision is negative.
3. An abscess or other evidence of infection involving the deep
incision is found on direct examination, during reoperation, or
by histopathologic or radiologic examination.
4. Diagnosis of a deep incisional SSI by a surgeon or attending
physician.
The study population had a mean age of 69.9 years (range
41.6-89.8) and was composed of 6 males and 21 females. The
average BMI for this group was 17.0 kg/m2 (range 12.8-18.4). ThePlease cite this article in press as: J. Manrique, et al., Surgical site inf
arthroplasty patients, Arthroplasty Today (2016), http://dx.doi.org/10.101control group had a mean age of 69.5 years (range 38.0-90.5), with
63 females and 18 males. The average BMI for the controls was
23.0 kg/m2 (range 19.0-25.0). The follow-up average was 3.8 years
(range 1.1-7.9 years) for UWpatients and 5.3 for NWpatients (range
1.0-13.6 years). There were no differences between the groups with
regard to age (69.9 vs 69.5; P ¼ .90), gender (80% female vs 80%
female; P ¼ 1.0.), diabetes (6.7% vs 6.7%; P ¼ 1.0), RA (29.6% vs
29.6%; P¼ 1.0), or CCI (4.2 vs 4.1; P¼ .59.). Patients in the UWgroup
had a lower BMI (17.0 kg/m2 vs 22.9 kg/m2; P < .001), lower weight
(51.6 kg vs 63.4 kg; P < .001), greater height (174 cm vs 165.0 cm;
P ¼ .003). Patients in both groups had a higher incidence of RA
(29.6%) compared to the general population (1%) [21]. The
demographic characteristics of all patients are shown in Table 1.
All patients were operated by any of 7 orthopaedic, arthroplasty
fellowship-trained surgeons who all used the same protocol in the
same hospital setting. The same preoperative and postoperative
protocol guided management as per year of surgery. All surgeries
were performed using a tourniquet, the approach was made
through a medial parapatellar approach, and all knees were
posterior-stabilized, cemented knees. No blood preserving ele-
ments, such as ﬁbrin glue, sealants, or retransfusion drains, were
used during the study period. Prophylactic antibiotic was admin-
istered to all patients within one hour preoperatively and for 24
hours postoperatively, as per protocol. Cefazolin was used
routinely, but if a penicillin allergy was documented, vancomycin
was used instead. Blood loss was calculated from the preoperative
hematocrit (Hct) levels and Hct levels one day after the surgery,
according to a previously validated formula presented by Rosencher
et al. [22].
Statistical analysis
Statistical analysis was performed on continuous variables using
Wilcoxon rank sum test and categorical variables were analyzed
using Fischer's exact test. Logistic regressionwas used to determine
the odds ratio (OR) for requiring postoperative transfusion in the
UW patients. R 3.1.1 (R Foundation for Statistical Computing,
Vienna, Austria) was used for data analysis.
Results
UW TKA patients had a higher rate of SSI (3/27, 11.1%) compared
with NW patients (0/81, 0%; 95% conﬁdence interval [CI]: 0.0-4.0;
P ¼ .01). UW patients had an increased risk of SSI (OR: 23.3; 95%
CI: 1.2-466.5; P ¼ .04) compared with NW patients. The 3 patients
who developed SSI in the UW group all underwent explantation
and debridement, for an intended 2-stage exchange arthroplasty.
Preoperatively, UW patients had lower hemoglobin (Hb)
(12.3 g/dL ± 1.5) and Hct (36.8% ± 4.3) levels than NW patients (Hb
13.0 g/dL ± 1.3, P ¼ .04; Hct 39.0% ± 3.4, P ¼ .01). Postoperative
Hb (8.8 g/dL ± 1.0), and Hct (26.6% ± 3.0) was also lower in UWection and transfusion rates are higher in underweight total knee
6/j.artd.2016.03.005
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Hct: 28.7% ± 3.6, P ¼ .01). Although the calculated blood loss in UW
patients (403.9 mL ± 168.0) was similar to NW patients (435.4 mL ±
165.5, P ¼ .39), UW patients were more likely to require post-
operative allogenic transfusion (10/27, 37.0%) compared with NW
patients (12/81, 13.2%; OR ¼ 3.4, 95% CI 1.3-9.1; P ¼ .02).
No difference was observed between the 2 groups regarding
LOS, deep vein thrombosis, pulmonary embolism, dislocation,
fracture, aseptic revision, development of ﬂexion contracture,
hematoma, or patellar clunk (Table 2).
Discussion
This is the ﬁrst study that evaluates complications in UW TKA
patients, and it suggests that they have an increased risk of devel-
oping SSI and may have low preoperative Hb and Hct requiring an
allogenic blood transfusion despite a similar blood loss. These ﬁnd-
ings are similar to studies in the general surgery literature that have
found that UW patients have greater complications than other
patients. UW patients undergoing coronary artery bypass graft sur-
gery have been found to have longer intensive care unit stays and
longer LOS compared with NW patients [12]. UW minority patients
evaluated through the American College of Surgeons’ National Sur-
gical Quality Improvement Program Participant Use Data File
exhibited higher mortality and postoperative complications than
overweight and NWpatients. A higher incidence of wound problems
and deep SSI was also observed postoperatively [11]. There is an
established association between low BMI and poor surgical out-
comes in a variety of disciplines [10-12,23-30]. Higher transfusion
rates were observed among UW patients after surgical intervention
following hip fracture repair and general surgery patients [10,11].
Furthermore, mortality was observed to increase, up to 3 fold, in UW
patients after lower extremity bypass surgery compared with NW
patients [31].
In our patient population, UW patients were more likely to
undergo allogenic blood transfusions, most likely secondary to a
low preoperative Hb level rather than due to increased surgical
blood loss. Postoperative allogenic transfusion has beenTable 2
Results.
Results Underweight,
n ¼ 27
Normal weight,
n ¼ 81
P-value
Length of stay, mean ± SD (d) 3.7 ± 1 3.4 ± 1.2 .2
Preoperative hemoglobin,
mean ± SD (mg/dL)
12.3 ± 1.5 13.0 ± 1.3 .04a
Preoperative hematocrit,
mean ± SD (%)
36.8 ± 4.3 39.0 ± 3.4 .03a
Postoperative hemoglobin,
mean ± SD (mg/dL)
8.8 ± 1.0 9.6 ± 1.2 .002a
Postoperative hematocrit,
mean ± SD (%)
26.6 ± 3 28.7 ± 3.6 .006a
Estimated blood loss 403.9 ± 168.0 435.4 ± 165.5 .40
Allogenic blood
transfusion, n
10 12 .01a
Wound drainage, n 3 3 .16
SSI, n 3 0 .01a
Blistering, n 0 0 1.0
Pulmonary embolism, n 0 1 1.0
Aseptic revision, n 1 3 1.0
Flexion contracture, n 1 1 .44
Deep vein thrombosis, n 0 1 1.0
Dislocation, n 0 0 1.0
Fracture, n 0 0 1.0
Hematoma, n 0 0 1.0
Patellar clunk, n 0 0 1.0
SD, standard deviation.
a Statistically signiﬁcant.
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arthroplasty patients, Arthroplasty Today (2016), http://dx.doi.org/10.101demonstrated to be a risk factor for developing infections [32]. The
increased rate of allogenic blood transfusions in our UW patients
may play a role in the increased incidence of SSI. Interestingly, 2 of
the 3 patients that were infected received a blood transfusion.
However, because of the low numbers, this could not be separately
analyzed. Our results concur with those of Alfonso et al. [4], who
found that UW patients who underwent THA required more blood
transfusions. Furthermore, Zhang et al. [3] observed that these
types of patients had a greater number of revisions and complica-
tions, similar to the rates found in high BMI patients. Although both
UW and NW patients demonstrated similar amounts of blood loss
after TKA, the preoperative Hb and Hct levels were signiﬁcantly
lower for UWpatients, thus placing them at higher risk of needing a
transfusion postoperatively. Preoperative optimization of Hb and
Hct is a potentially modiﬁable risk factor for reducing transfusion
rates by using agents such as erythropoietin before TKA, whichmay
be beneﬁcial as per recommendation of the Network of Advance-
ment of Transfusion Alternatives [33]. These recommendations
suggest that the use of erythropoiesis-stimulating agents can be
beneﬁcial in patients undergoing elective orthopaedic procedures.
A previously performed systematic review showed that patients
undergoing cardiac and orthopaedic surgery demonstrated a
reduction in allogenic transfusions (OR ¼ 0.42) when erythropoi-
etin was used [34]. Further investigation is warranted to evaluate
using these agents in UW TKA patients before surgery.
Another potential risk factor for developing infection in UW TKA
patients is that these patients have reduced subcutaneous fat that
could predispose the overlying skin to be less resistant and more
vulnerable to dehiscence or necrosis. This may be especially true in
TKA patients who have very little subcutaneous tissue over dia-
rthrodial joints, as the correlation between BMI and subcutaneous
adipose skin thickness has been seen in other studies [35]. One of
the 3 infected patients required a gastrocnemius ﬂap due to wound
problems, possibly reﬂecting deﬁcient overlying soft tissue. One
other possibility for increased infection risk is poor nutritional
status with subsequent decreased capability for wound healing
[36]. A lower BMI may be an indirect measure of nutritional status,
as lower BMI patients have been shown to have lower levels of
albumin, prealbumin, and/or protein [37]. Low BMI patients have
decreased reserves and an inability to accurately react to stress
because they have suppressed immune systems [38]. Low BMI has
also been associated with higher morbidity and mortality rates,
possibly reﬂecting an altered physiological state [39]. Only 8 UW
patients had nutritional data, and there was no evidence of a
nutritional problem in these patients and no subcutaneous tissue
measurements were performed. As such, our study could not
establish an association of these factors to SSI. Not all patients had
presurgical albumin or other nutritional markers. Although this
would have been optimal, at the time of the study period, not all
patients were worked up for nutritional deﬁciencies. This aspect is
controversial because if patients exhibit altered nutritional status,
surgical intervention could differ and these patients may not have
been included in our study.
This study has several limitations. Its retrospective nature limits
the data obtained in our study to what is available in patient charts.
Although we acknowledge the importance of additional informa-
tion, such as nasal Staphylococcus screening and preoperative
medications, thesewere not included because of lack of consistency
in recorded data. Furthermore, there is a low number of UW pa-
tients despite the extensive database search performed that
included different Current Procedural Terminology codes to avoid
missing patients that meet inclusion criteria. A larger multicenter
study might be needed to increase this number. One of the reasons
for low numbers is the low incidence of UW patients in our pop-
ulation. It could also reﬂect the decision of not performing electiveection and transfusion rates are higher in underweight total knee
6/j.artd.2016.03.005
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candidates. Moreover, nutritional data, such as laboratory studies
and nutritional consults, were not routinely ordered in the past;
therefore, these values could not be included in our study. In
addition, patients were only matched by RA, diabetes mellitus, and
CCI, as these conditions are considered to be a surrogate marker for
surgical risk based on comorbidities to assess for individual risk
factors. Because multiple surgeons were involved in this study,
there may have been various surgical techniques that can affect
blood loss. In addition, there were no uniform transfusion triggers,
and each individual surgeon transfused based on a combination of
laboratory tests and clinical symptoms. Finally, follow-up was
limited to clinical appointments documented in the electronic
medical record, and patients were not contacted by phone.
Conclusions
Despite these limitations, our study demonstrated that UW TKA
patients had a higher rate of SSI compared with NW patients.
Although the exact reason for this ﬁnding is not known, it may be
related towound healing capabilities and the need for transfusions,
as these patients had low preoperative Hb and Hct levels. UW
patients undergoing TKA may beneﬁt from preoperative optimi-
zation to reduce the risk of sustaining SSIs.References
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